Abstract Heavy metals in urban soils are associated with direct and indirect human health risks. This study examined bioavailability of heavy metal (Pb, Cd, Cr and As) in urban soil of Seri Kembangan (Malaysia) and their risks to human health. Bioavailability of heavy metal concentration (arsenic, lead, cadmium and chromium) were analysed by a simplified physiologically based extraction test. Both noncarcinogenic and carcinogenic risks were assessed using health index and total lifetime cancer risk, respectively. Average concentrations of bioavailability heavy metal were found in the order of Pb (2668.8 mg/kg) > Cr (74 mg/kg) > Cd (47.5) > As (13.75 mg/kg). For non-cancer, average hazard index values of heavy metal order were Pb(1.27)>Cr(0.11)> Cd(0.05). For As, total cancer risk values of Seri Kembangan urban soil (7.2E-6) were lower than the tolerable lifetime cancer risk for regulatory purposes (1E-5). Ingestion pathway is the most contributed pathway for both cancer and non-cancer risks. Land use type is found to be the main contributor which influences heavy metal exposure corresponding to health risk assessment output. Industrial areas were found to have hazard index values were lesser than residential areas in Seri Kembangan urban soil. Location areas in Seri Kembangan as near major roads with large amount of traffics were found to be more higher with HI more than 1, indicating high heavy metal contamination in urban soil due to vehicular emissions. This study has showed that realistic estimation of human health risk of heavy metal contamination in urban soils needs combination of land use type with bioavailability heavy metal concentration.
Introduction
Urban soil are the receivers of large amounts of heavy metal from many different sources including vehicle and industrial emissions, open burning and other activities (Ağca 2015; Kleckerová and Dočekalová 2014; Karim and Qureshi 2013; Lim et al. 2013; Manta et al. 2002; Li et al. 2001) . Thornton et al. (2008) and Tiller (1992) stated that urban soils have high concentration of heavy metal, poor structure and irregular layers. Thus, heavy metal concentration in urban soils has been shown to be a very useful indicator of environmental pollution status (Machender et al. 2014; Guo et al. 2012; Manta et al. 2002) . Contaminated urban soil with heavy metal can pose significant risks to human health. An individual exposed to heavy metal toxicity, either acute or chronic typically with general symptoms such as headache, nausea or vomiting, abdominal pain and diarrhea (Karim and Qureshi 2013; Luo et al. 2012) . Heavy metal in urban soils has a direct influence on public health as it can be easily transferred into human bodies (Chen et al. 2005) . Urban areas which exposed to significant pollution will give human health risks, as a consequence of inhalation, dermal or ingestion pathways (Karim and Qureshi 2013; Guo et al. 2012; Xia et al. 2011) . Health risks are especially high for children because of their low tolerance to toxins and unintended ingestion of significant quantities of heavy metal (Akoto et al. 2014; Alahmr et al. 2012; Yang et al. 2011; Zheng et al. 2010) .
For heavy metal determination in soil, total heavy metal concentration is commonly measured (Adepoju and Adekoya 2014; Praveena et al. 2010; Scancar et al. 2000) . However, total heavy metal concentration will overestimate pollution level and impacts of heavy metal on soil and water (Lee et al. 2006) . Moreover, according to Karim and Qureshi (2013) , total heavy metal concentration is insufficient for exposure and health risks assessment as well as inadequate for toxic effect determination. Therefore, a better appropriate method in soil analysis is crucial to determine its bioavailability. Using bioavailability of heavy metal concentration via in vitro digestion model provides more realistic of exposure and health risk assessment. Using in vitro digestion model, bioavailability of heavy metal from soil to human in gastrointestinal tract can be investigated as an aspect of internal exposure. By examining the bioavailability concentration of ingested heavy metal, exposure assessment from different exposure pathways can be determined (Melegy et al. 2014; Imperato et al. 2003) . Health risk assessment (HRA) process involves selection of key research studies that can provide accurate, timely information on the hazards posed to humans by a particular chemical. It is achieved by examined physical, chemical and biological properties of contaminant in terms of mobility as well as point of exposure (Man et al. 2010) .
Much attention has been made to pollution extent and status of urban soil contamination during the past decades (Latif et al. 2009; Yesilonis et al. 2008; Chen et al. 1997) . Several studies have indicated the need for a better understanding of urban soil pollution. However, studies on heavy metal concentration incorporation with HRA are still limited. So far, limited health risk assessment studies using urban soil were done in Karachi, Pakistan (Karim and Qureshi 2013) , Xiamen, China (Luo et al. 2012) , São Paulo city, Brazil (Figueiredo et al. 2011) and Belgrade, Serbia (Grzetic and Ghariani 2008) . As heavy metal in soil may exert different impacts on public health via different pathways, understanding heavy metal concentrations in different exposure pathways is also crucial. Yet, limited information is available on urban soil studies incorporating with different exposure pathways (Zimová et al. 2001; Nabulo et al. 2010; Zhao et al. 2012; Karim and Qureshi 2013) . The present study was conducted to determine heavy metal concentrations arsenic (As), lead (Pb), cadmium (Cd) and chromium (Cr) in Seri Kembangan urban soil. Health risk assessment (cancer and non-cancer risks) was also evaluated through different exposure pathways (ingestion, inhalation and dermal). These findings are vital to facilitate the decision-makers to manage contaminated urban soils, seek for environmental friendly economic development strategies and minimize health risks to urban residents in future.
Material and methods

Surface soil sampling
In the present study, scope of the sampling area was focused on the urban area of Seri Kembangan, Malaysia. It is located 19 km from Malaysia's capital, Kuala Lumpur. Seri Kembangan is a town located in Selangor, Malaysia which can be seen on the North-South Expressway Southern Route. Rapid development including residential, industrial and other intensive commercial activates took place between 2000 and 2008. Since then, rapid development and increasing population has led to various environmental pollution problems.
A total of 16 surface soil samples (0-10 cm) were collected in triplicates from Seri Kembangan (Malaysia) during January 2013 representing different land use (industrial, residential and playground land) as showed in Fig. 1 . Description of sampling locations and Global Positioning System (GPS) information is presented in Table 1 . Surface soil samples were randomly collected using a stainless steel scoops, placed in a polyethylene bag and labelled. The surface soil samples were kept cool in an icebox during transportation to the laboratory. The exact location (longitudes and latitudes) of each sample point was taken by GPS. Surface soil samples were air-dried and homogenized using pestle and mortar. After the homogenization process, the surface soil samples were passed through 2 mm mesh screen and stored in polyethylene bags.
Bioavailability heavy metal determination
For bioavailability heavy metal determination, in vitro digestion model (simplified physiologically based extraction test) described by Man et al. (2010) was adapted in this study. Simulations of both stomach and intestine conditions in human are the most important part in this study. Gastric solution for this model was prepared by adding 3 mL of NaCl, 0.5 g of malate, 0.430 mL of lactic acid, 0.5 mL of acetic acid and 1.25 g of pepsin (Sigma Chemical Co.) into 1 L of deionized water. This gastric solution has a pH of about pH of 1.5 adjusted by using 12 M HCl. One gram of soil was added into 50 mL plastic centrifuge tube and 30 mL of prepared gastric solution was added and shaken with shaker using 55 rpm for 1 h at 37°C. Simulation of gastric condition was changed to intestinal condition by adjusting pH to 7.0 using 1 M NaOH and 0.06 g of porcine bile extract and 0.018 g of porcine pancreatin (Sigma Chemical Co.) was added. During the intestinal condition simulation, the soil samples were shaken with same shaker used previously at 3300 rpm for 10 min at 37°C. Then, the supernatant was filtered through a 0.45-μm Millipore filter in order to reduce any effects from microbial activity. The filtered supernatant was analysed for heavy metal determination (As, Pb, Cd and Cr) using Atomic Absorption Spectrophotometer (Perkin Elmer AAS AAnalyst 600).
In order to ensure the quality control, pre-cleaned and acidwashed glassware were used throughout the analysis. Deionized water was used to prepare the reagents. Reagent blank and triplicate samples were also used to detect contamination and assess the precision and accuracy of the analysis process. In addition, all samples were run in triplicate samples.
Health risk assessment
Health risk assessment (HRA) is a model developed to estimate potential health risk posed to human caused by contaminants. HRA contains four main components which are hazard identification, exposure assessment, dose-response assessment and risk characterization (Arnous and Hassan 2014; National Research Council 1983). In this study As, Pb, Cd and Cr were identified as potential contaminant with respect to human health. Arsenic is classified as a Group A human carcinogen by US Environmental Protection Agency (USEPA 2002). Pb, Cd ad Cr are classified as noncarcinogenic by Agency for Toxic Substances and Disease Registry (ATSDR 2005) . In order to evaluate HRA different pathways, average daily dose value (ADD) (mg/ kg/day) of a contaminant was applied, and Equations 1, 2 and 3 were used in the estimation of ADD via ingestion (ingest), dermal contact (dermal) and inhalation (inhale) exposure pathways. The Exposure Factors Handbook (USEPA 2002) was used as a main guide in order to obtain the IngR, EF, ED and AT values in ADD calculation for soil. The input parameters and data source as reference which involved in this study are showed in Table 2 .
Health risks (cancer and non-cancer risks) were determined by using Equations 4 and 6. For cancer risks, ADD is multiplied by corresponding slope factor (SF) to produce a level of cancer risk. Slope factor (SF), inhalation unit risk (IUR), gastrointestinal absorption factor (ABS GI ) and dermal absorption factor (ABS d ) are given in Table 4 . Cumulative non-cancer risks, expressed as the hazard index (HI) is equal to the sum of HQs (Equation 7). If the value of HI is less than 1, it is believed that there is no significant risk of noncarcinogenic effects. If HI exceeds 1, then there is a chance that non-cancer risks effects may occur, with a probability which tends to increase as the value of HI increases (United States Environmental Protection Agency 2012).
Cancer risk ¼ ADD ing Â SF ing ð4Þ
Hazard quotient HQ ð Þ f or non cancer risk
Results and discussion
Heavy metal concentrations in urban soil
Bioavailability of heavy metal is concentration of soluble contents in stomach phase and two intestinal phases in relation to total heavy metal concentration (Ding and Hu, 2013) . Mean values of bioavailability of heavy metal concentrations (As, Pb, Cd and Cr) are given in Table 5. Based on the coefficients of variation (CV), these heavy metals have high CV values (CV more than 50 %). High CV values of heavy metals affected by anthropogenic sources (Guo et al. 2012) . Mean concentrations of bioavailability heavy metal were found in the order of Pb (2668.8 mg/kg)>Cr (74 mg/kg)>Cd (47.5)> As (13.75 mg/kg).
Lead was found to be the highest in urban soil of Seri Kembangan. This is supported by findings by Guo et al. (2012) , which found the highest Pb concentration in urban soil of southwest China. Pb concentrations in urban soil are associated with anthropogenic activities (Karim and Qureshi 2013) . Soil located near roads usually contains high Pb concentration. This is supported by Mashal et al. (2009) which showed that Pb concentration in urban is four times higher than rural soil in Scotland. Lead contamination was attributable to vehicular emissions despite the gradual shift from leaded to unleaded petrol as fuel for automobile, it still remains as a major pollutant for some urban areas (Lu et al. . Contamination level of urban surface soil urban environment depends obviously on many parallel factors namely air-borne dust deposition, concentration of parent material and the land use type. On top of that, heavy metal concentration in urban soil can be enhanced by main wind direction. However, heavy metal concentrations in surface soil are insufficient to describe health risk arises from the exposure (Karim and Qureshi 2013) . Therefore, HRA is a crucial step to be conducted.
Human health risk assessment of heavy metal in urban soil
The summary of HRA (cancer and non-cancer risks) is presented in Table 6 . Although some heavy metal such as Pb and Zn are essential nutrients, contaminated soil can cause serious impacts on human health. Direct risks of heavy metal in playgrounds, residential, traffic and industrial areas are from urban soil via ingestion, dermal and inhalation pathways. For HRA interpretation, total cancer risk (cancer hazard) and cumulative HQ for noncancer risk, hazard index (HI) was combined for studied heavy metals in urban soil of Seri Kembangan. Ingestion pathway contributed the most to total LCR and HI values (Fig. 2) followed by dermal contact. These findings are also in agreement with study done by Karim and Qureshi (2013) and Luo et al. (2012) which found ingestion was the most contributed pathway. For non-cancer risks as in Table 6 , average HI values of heavy metal order is Pb(1.27)>Cd(0.11)>Cr(0.05). HI value more than 1 for Pb indicated that although leaded petrol has been banned in Malaysia since 1997, Pb contamination was attributable to vehicular emissions still reflects the significant degree of historical Pb contamination and its half-life factor (Li et al. 2004 ). For As, total cancer risk values of Seri Kembangan urban soil (7.2E-6) was lower than the tolerable LCR for regulatory purposes (1E-5).
From current findings (Fig. 3) , HI values are higher than 1 for Pb from SK7 to SK16. Therefore, land use types influenced the heavy metal exposure corresponding to human health. Locations from SK7 to SK16 consist of playground, industrial as well as residential areas. HI more than 1 may imply that toxicity can be appeared by the heavy metals. Bin (2011) showed that rapid economic development, environmental pollution has been increasingly serious in Seri Kembangan. The highest HI values were found in SK 12 and SK 16 representing residential areas. Air pollution caused by congested traffic and locations near to main roads have also raised the deterioration of urban soil in Seri Kembangan (Abdullah Al-Mamun et al. 2006) . Similarly, Li et al. (2004) (Fig. 4) . Current study findings showed that non-cancer risk for Pb, Cd and Cr through ingestion pathway still need to be extensively studied. However, current results have highlighted the importance of exposure pathways, heavy metal bioavailability in assessing realistic human health impacts due to urban soil pollution. A framework of health risks due to heavy metal exposure from urban soil is recommended to take into consideration the land use type activities and bioavailability data to 
Conclusions
Present study showed that heavy metal concentrations in urban soil of Seri Kembangan were in the following of Pb (2668.8 mg/kg), Cr (74 mg/kg), Cd (47.5) and As (13.75 mg/kg). Coefficients of variation values involving urban soil of Seri Kembangan showed that heavy metal is affected by anthropogenic sources. For cancer and non-cancer risks, ingestion pathway was found as the main contributor. Non-cancer risk indicated by HI values more than 1 reflects the significant degree of historical Pb contamination and its half-life factor. From total cancer risk and non-cancer risk values, land use types influenced the heavy metal exposure corresponding to human health. Hazard index value more than 1 may imply that toxicity can be appeared by the heavy metals. Locations from SK7 to SK16 consist of playground, industrial as well as residential areas consist HI value more than 1. While the highest HI values were found in SK 12 and SK 16 represent by residential areas. Total cancer risk values of Seri Kembangan urban soil (7.2E-6) was lower than the tolerable LCR for regulatory purposes (1E-5). Locations near to main roads facing large amount of traffics were the hot-spot areas of heavy metal contamination in urban soil of Seri Kembangan. Taking into account the influence of land use types, bioavailability of heavy metal concentration and HRA will give more realistic estimation of human health risks by heavy metal contamination in study area. The framework output of this study will facilitate the decision-makers to manage contaminated urban soils and cleanup level as well as minimize health risks to urban residents. 
